The PQ/PQH2 ratio and occupancy of photosystem II-QB site by plastoquinone control the degradation of D1 protein during photoinhibition in vivo.
Photoinactivation of photosystem II (PSII) and light-dependent degradation of the reaction center II (RCII) protein D1 have been investigated in Chlamydomonas reinhardtii mutants D6, AC208, and B4 deficient in cytochrome b6/f, plastocyanin, and photosystem I (PSI) activity, respectively. These mutants possess active PSII and reduce plastoquinone (PQ) but cannot oxidize plastoquinol (PQH2) via light-dependent reduction of NADP. In light-exposed cells a high ratio PQH2/PQ and a low turnover of PQ/PQH2 at the RCII-QB site are maintained. In all mutants photoinactivation of RCII was slower as compared to the wild-type (wt) cells, and D1 degradation was drastically decreased. The degradation of D1 was also lower in the wt cells under anaerobic conditions and presence of ascorbate, while raising the concentration of dissolved oxygen increased the degradation of the D1 protein in the AC208 mutant. Photoinactivation and light-dependent degradation of the D1 protein were drastically increased in the Scenedesmus obliquus LF-1 mutant cells altered in its PSII manganese binding and thus unable to reduce PQ using water as an electron donor. Diuron inhibited the light-dependent degradation of D1 protein in both the LF-1 mutant and wt cells. Based on these results we propose that availability of PQ at the QB site is required for (i) the photoinactivation process of the RCII acceptor side followed by inactivation of the donor side leading to the generation of harmful cation radicals (Z+, P680+, chlz+) which damage the D1 protein, and (ii) the accessibility of the cleavage site of the damaged D1 protein to proteolytic degradation.